Potyvirus can cause losses in several important crops worldwide. This study describes the identification of a potyvirus infecting Jack bean plants and causing severe mosaic in Piauí state, Brazil. The virus reproduced original symptoms in mechanically inoculated Jack bean plants. Further molecular and transmission electron microscopy assays enabled the identification of the causal virus as Yambean mosaic virus (YBMV). To the best of our knowledge, this report is the first to describe YBMV in Brazil.
The Jack bean (Canavalia ensiformis) is a legume with tropical and subtropical distribution that is used as a green manure for soil enrichment and is commonly used in cattle feed (Suzuki and Alves 2006) . Among diseases that occur in Jack beans in Brazil, mosaic has been historically associated with potyviruses, although precise identification at the species level has not been possible because previous studies used less precise techniques and because data on the genomes of these viruses is lacking (Costa et al. 1989; Santos et al. 1990 Santos et al. , 1991 . In February 2018, Jack bean plants exhibiting mosaic, leaf deformation and blistering symptoms (Fig. 1) were found in the state of Piauí, Brazil. We investigated the aetiology of the disease by amplifying and sequencing two genomic regions (CI and NIb gene) complemented by TEM, identifying the causal agent of mosaic in Jack bean as an isolate of Yambean mosaic virus (YBMV).
The leaf samples of symptomatic Jack beans were collected at the experimental unit (S 05°2′ 33.55″ and W 42°47′ 3.08″) of the Department of Plant Science at the UFPI, Teresina, Piauí, Brazil. Symptomatic leaves were collected for further analysis by transmission electron microscopy (TEM) and for molecular diagnosis by amplification and sequencing of genome regions. Samples were identified and preserved at −80°C. TEM was employed to examine negatively stained leaf extracts (Kitajima 1965) and to observe the cytopathic effects on leaf tissues exhibited by symptomatic Jack bean plants. For direct observation of leaf extract, symptomatic leaves were macerated in the presence of phosphate buffer (0.01 M, pH 7.0), transferred onto carbon-Formvar coated grids and negatively contrasted with uranyl acetate. For ultrastructural analysis by TEM, small fragments of symptomatic leaves of Jack bean were fixed in a glutaraldehyde (2.5%)/ paraformaldehyde (2%) mixture in cacodylate buffer (0.05 M, pH 7.2) for several hours, post-fixed with 1% OsO 4 , dehydrated in a graded ethanol series, and subjected to infiltration and embedding in the Spurr epoxy resin. The (Brioso et al. 1996) , and Cowpea mild mottle virus (Lamas et al. 2017 ). The reactions were performed in AmpliTherm® thermal cyclers (Axygen). The amplified fragments were purified and sequenced in both directions (forward and reverse) by Macrogen Inc. (Seoul, South Korea) . The edited sequences were compared to sequences deposited in GenBank by the BLASTn tool (http://blast.ncbi.nlm.nih.gov/ Blast.cgi). Multiple sequence alignments were generated using the MUSCLE algorithm implemented by the MEGA v.8.0 program (Kumar et al. 2018 ). The alignments were corrected manually and analysed with the MEGA v.8.0 program using the neighbour-joining method. Leaf samples from Jack beans plants that were previously confirmed to be infected with only one virus species were mechanically inoculated via buffered plant extract (0.01 M potassium phosphate, pH 7.5) and abrasive (carborundum) in five healthy Jack bean plants. The inoculation occurred 20 days after emergence of the seedlings. The plants were cultivated in 2.8 L pots containing sterile substrate (70% soil, 15% burned rice straw and 15% cattle manure) and kept in insect-free cages throughout the entire experiment period. Two plants were used as controls.
TEM examination of extracts from symptomatic Jack bean plants revealed the consistent presence of elongated and flexuous particles ca. 13 nm in diameter and 700-750 nm in length (Fig. 2a) . The presence of cylindrical inclusions (Fig. 2b) in the cytoplasm of leaf cells of symptomatic plants suggested that the infection was caused by a member of the genus Potyvirus. Comparisons of the 700 bp and 350 bp CI and NIb gene amplicon sequences, respectively, with sequences available from GenBank revealed 88% and 88.26% identity with YBMV isolated from yam bean plants in Peru (accession number JN190431) (Fuentes et al. 2012) and Indonesia (accession number AB289438) (Damayanti et al. 2008) , respectively. These values are above the limit of demarcation of species of potyviruses, that is, 78.3% and 76.6% for the genes CI and NIb, respectively (Addans et al. 2005) , according to the International Committee on Taxonomy of Viruses (ICTV), indicating that the potyvirus infecting and causing mosaic in Jack bean in Brazil is an isolate of YBMV. All samples presented negative results for the presence of CMV, CPMMV and comoviruses (data not shown). Phylogenetic analysis using the CI region and including other related potyviruses showed that they formed a wellsupported clade, with the YBMV isolate from Peru (Fig. 3) . This report is the first to describe YBMV in natural infections in Brazil. YBMV has probably been detected in the country since the 1980s, but the identification techniques used at the time were not sufficiently accurate for the correct identification of the causal agent, which was tentatively identified as an isolate of a Bean common mosaic virus (BCMV), serologically close to Cowpea aphid borne mosaic virus (CABMV) (Costa et al. 1989) , or even as an unidentified species but related to BCMV (Santos et al. 1990 , 1991 . Additional surveys investigating the natural occurrence of YBMV in Brazil are required to assess its dissemination, since it is known that this virus may cause diseases in cash crops, such as cowpea and tomato (Damayanti et al. 2008) .
